Background Polycystic ovary syndrome (PCOS), whose genetic basis is not completely well understood, is the most common endocrine disorder in women and it typically develops during adolescence. The aim of this study is to investigate the possible association between single nucleotide polymorphisms (SNPs) of FSHR, CYP17, CYP1A1, CAPN10, INSR, SERPINE1 genes and PCOS in adolescent girls. Methods DNA samples from forty-four adolescent girls with PCOS and 50 healthy controls were analyzed by PCR-RFLP and direct DNA sequencing to determine the genotypic frequency of 17 different polymorphic loci on the FSHR (A307T, N680S), CYP17 (−34 T/C), CYP1A1 (T6235C), CAPN10 (44, 43, 19, 63), INSR (exon 17 C/T), SERPINE1 (4G/5G) genes. Genotyping of exon 12 (six polymorphisms) and intron 12 (one polymorphism) of INSR gene by direct DNA sequencing was performed for the first time in this study.
Introduction
Polycystic ovary syndrome (PCOS) affects an estimated 5-10% of women of reproductive age and arises as a result of a genetically determined disorder of ovarian function at the onset of puberty [1] . The search for PCOS susceptibility genes has mainly focused on genes involved in sex hormones and regulators, insulin sensitivity, type 2 diabetes and cardiovascular disease, steroid metabolism and biosynthesis [2] . Although multiple genetic factors including mutations and polymorphisms to several genes have been associated with PCOS risk [3] , the inheritance mode and the molecular genetic mechanisms underlying PCOS risk are not fully understood [4] .
PCOS is characterized by endocrinological abnormalities; therefore, polymorphisms in genes encoding sex hormones or regulators of their activity have been investigated [5] . The follicle stimulating hormone receptor (FSHR) gene contains two important single nucleotide polymorphisms (SNPs) in exon 10, which are in linkage disequilibrium and change two amino acids at positions A307T and N680S. A307T, situated at the extracellular domain of FSHR, the site responsible for high affinity hormone binding [6] , has been reported to affect hormone trafficking and signal transduction. PhosphorylationFSHR may influence the uncoupling from adenylyl cyclase [7] . As a result, amino acid alteration related to the corresponding SNPs might affect the post-translational modifications of the FSHR protein, hence the function of the receptor including FSH efficacy [8] . A few genetic studies have examined the association between FSHR gene polymorphisms and PCOS [9] [10] [11] .
Several studies have investigated whether polymorphisms in enzymes involved in the biosynthesis and metabolism of sex steroids confer PCOS susceptibility [5] . A polymorphism has been found in the regulatory region of the 17α-hydroxylase (CYP17) gene, being a T to C substitution −34 base pairs (bp) from the translation initiation point in the 5′ promoter region of the gene that creates a new MspA1 restriction site [12] . The less common "C" allele also results in an additional Sp1-type (CCACC box) promoter site that is hypothesized to increase transcription of the gene [13] and thus lead to higher androgen levels. Although this base pair substitution is not the primary genetic defect in PCOS, it may aggravate the clinical picture of hyperandrogenemia, particularly when homozygosity exists [14] . On the other hand, in one of the previous studies, CYP17 gene was not associated with steroid hormone synthesis in PCOS [15] . Several genetic risk factors for PCOS have been studied [16, 17] . The CYP1A1 gene, located at 15q22-q24, comprises seven exons and six introns. A polymorphism in the CYP1A1 gene, which encodes the enzyme cytochrome P450 1A1, has been shown to have an association with PCOS [18, 19] . Furthermore, studies have indicated that a pentanucleotide repeat in the gene is associated with PCOS susceptibility [20, 21] .
The increased risk of the type 2 diabetes mellitus (T2DM) and cardiovascular disease in women with PCOS has led to numerous association studies in genes related to these diseases [5] . The gene encoding calpain-10 (CAPN10) consists of 15 exons and it is located on chromosome 2q37.3 and encodes a ubiquitously expressed member of the calpain cysteine protease family. It was identified as a T2DM susceptibility locus by Horikawa et al [22] and has been shown to be related to proinsulin processing, insulin secretion and insulin resistance [23] . Potential associations between five different polymorphisms and PCOS have been investigated [5, [24] [25] [26] [27] . Insulin receptor gene (INSR) comprises 22 exons spanning 120 kilobases on chromosome 19p13.3-p13.2 [28] . The region of exons 17-21 encodes the tyrosine kinase domain of the receptor, which is necessary for insulin signal transduction. C/T single nucleotide polymorphism at exon 17 in tyrosine kinase domain of INSR has been associated with PCOS most possibly by the resultant effects on the autophosphorylation of the INSR function in some women with PCOS [29] [30] [31] . On the other hand, Lee et al investigated a total of nine polymorphisms in this region [32] . Plasminogen activator inhibitor-1 (PAI-1), a member of the serine protease inhibitor (SERPINE1) family, is involved in blood coagulation. It is located on chromosome 7q21.3-q22 and has been implicated in cardiovascular disease. A common diallelic polymorphism located at −675 bases from the transcription start site of PAI-1 is the best characterized genetic determinant. The 4G/5G polymorphism in the SERPINE1 gene has been linked with PCOS susceptibility [33] , but no association was found in other studies [34] [35] [36] .
We aim to elucidate, for the first time in adolescent girls in Turkish population, the putative functional significance of FSHR, CYP17, CYP1A1, CAPN10, INSR, SERPINE1 gene polymorphisms in the development of the PCOS. In addition, this study aims to perform direct DNA sequencing method in order to investigate polymorphic variants in exon 12 and intron 12 of INSR gene.
Materials and methods

Subjects
The study was conducted within Gazi University, Faculty of Medicine, Department of Medical Biology and Genetics. Cases and controls were recruited from Gazi University, Faculty of Medicine, Department of Pediatric Endocrinology between 2006 and 2008. A total of 94 unrelated Turkish adolescent girls were studied. Forty-four were patients with PCOS and fifty were non-PCOS with normal menstrual cycles without signs of clinical or biochemical hyperandrogenism. Clinical characteristics of the subjects were obtained from medical records. All cases and controls were of Caucasian origin and were matched according to age. The diagnosis of PCOS was based on the Rotterdam 2003 critera [37] . None of the subjects had been taking any medications known to affect hormone, lipid or carbohydrate metabolism for at least 3 months before entering the study. Clinical and biochemical characteristics of adolescent girls with PCOS and healthy controls are listed in Table 1 . The study was approved by the Committee of Ethics of the Gazi University and written informed consents were obtained from of all participants and their parents.
Biochemical and hormonal measures
After an overnight fast, venous blood samples were obtained for genetic study and for hormonal profile, glucose and insulin assays on days 3 to 5 from menstrual cycling patients. In the case of amenorrheic patients, blood samples were obtained after a progesterone-induced menstruation. Transabdominal pelvic sonography was performed on all of the subjects with PCOS. Plasma glucose was measured with hexokinase method. Plasma concentrations of total testosterone, FSH, LH, prolactin, TSH and insulin were also measured with chemiluminessence assays using an autoanalyser (Abbott Laboratories, Chicago, IL, USA). Plasma concentration of 17-OHP was analyzed using commercially available radioimmunoassay kits (Diagnostic System Laboratories, Webster, TX, USA).
Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) genotyping and DNA Sequencing Analyzed FSHR, CYP17, CYP1A1, CAPN10, INSR, SER-PINE1 polymorphisms used to detect the base changes are shown in Table 2 (Methodical Nomenclature recommended by Human Genome Variation Society -www.hgvs.org-).
Each PCR was carried out in a total volume 50µL consisting of 2.5µL extracted DNA, 50 pmol/µL each primer, 100µM dNTP, 1 U/µL unit Taq DNA polymerase and 2 mM MgCl 2 . Primer sets, annealing temperatures and restriction enzymes used for the PCR-RFLP assay are shown in Table 3 .
PCR conditions, except the annealing temperatures, were set as provided in the References column in Table 3 [29, [38] [39] [40] [41] [42] [43] [44] [45] . Product and allele sizes are also given in Table 3 . The PCR and restriction enzyme products were separated by electrophoresis in a 2.0% and 4.0% agarose gel respectively, and subsequently stained with ethidium bromide. In addition, all gels were reread blindly by three persons without any change, and 15% of the analyses were randomly repeated.
We amplified exon 12 of INSR gene with primers (F: 5'-TGATGGTGATGGTGTCATCATA-3' and R: 5'-TGTCCTTGGTCAGCCTTGATGT-3') as proposed earlier by Seino et al [46] . The PCR products (379 bp) of INSR gene exon 12 were subjected to direct sequencing with the forward primer by using BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA). Products were analyzed by using ABI PRISM® 310 (Applied Biosystems, Foster City, CA, USA). The conditions of sequencing were the same as described by Seino et al [46] , except that our annealing temperature was 60°C. 
Results
Clinical and laboratory variables
The clinical and biochemical characteristics of adolescent girls enrolled in this study are summarized in Table 1 . PCOS girls presented a higher frequency of acanthosis nigricans and increased values of Ferriman-Gallwey score. Furthermore, total testosterone, FSH, LH, prolactin, TSH levels and body mass index were significantly higher in the PCOS patients when compared to controls. However, there were no significant differences between patients and controls in terms of 17-OHP, fasting blood glucose, fasting insulin levels and mean age.
Genotype and allele frequencies
The genotype and allele frequencies of the polymorphisms in the control and PCOS groups were consistent with the HWE equilibrium distribution (P>0.05) except for INSR exon 17 C/T polymorphism (P<0.05).
Genotype distribution of genes encoding sex hormones and hormone regulators are shown in Table 4 . The genotype frequencies of the SNP A307T and N680S were not different between the cases and controls (P>0.05).
Genotype distribution of genes encoding enzymes involved in metabolism and biosynthesis are shown in Table 5 . In terms of the CYP17 −34 T/C polymorphism, proportionally, individuals carrying TC+CC variants of the gene were more frequently observed in patients than in controls. However, the genotype and allele frequencies were not different between the cases and controls (P>0.05). The frequency for CYP1A1 TT genotype was higher among controls when compared with adolescent girls with PCOS. On the other hand, the frequency for CYP1A1 CT genotype in adolescent girls with PCOS was higher than that in the controls. The CYP1A1 CC genotypes were not detected in cases or controls. Although no statistically significant difference was observed in genotype and allele distribution between the cases and controls in terms of CYP1A1 polymorphism (P>0.05), high genotype frequency of TT homozygotes were observed in both groups.
The genotype distribution and the relative allele frequencies for the CAPN10, INSR, SERPINE1 genes are shown in Table 6 . No significant differences were observed for genotype distribution (P>0.05) and relative allele frequencies (P>0.05) between cases and controls for the UCSNP44, 43, 19 and 63 polymorphisms of the CAPN10 gene. The relative frequencies of "C" allele for UCSNP44, "A" allele for UCSNP43, "T" allele for UCSNP63 polymorphisms were found quite less than those of their wildtype alleles in cases and controls. The frequency of "Del" allele for UCSNP19 polymorphism was 45.4% in cases and 44% in controls. We also did not find any statistically significant differences in the genotypes and allele frequencies between the cases and controls for exon 17 C/T, exon 12 G/A and exon 12 G/C variants in the INSR gene. For exon 12 G/A, two GA genotypes were observed (one in cases and one in controls) in all 94 subjects, whereas no AA genotype was observed. Similarly, for exon 12 G/C, two GC genotypes were observed (one in cases and one in controls) in all 94 subjects, whereas no CC genotype was observed. Moreover, for exon 17 C/T, no CC genotype was observed in cases or controls. Lastly, genotype and allele frequencies of SERPINE1 gene were not significantly different between the cases and controls. There were no significant differences in clinical and biochemical characteristics of our cases with respect to the polymorphic variants of the 17 different loci (data not shown).
DNA sequence analysis
We screened exon 12 and intron 12 of the INSR gene for mutations in all 94 genotyped subjects. This is the first study to detect polymorphic variants rs16994210 G>A, rs35045353 G>A, rs2229434 G>A, rs2162771 C>T, rs1541806 C>T, rs2229430 G>C in exon 12 and rs13306451 A>G in intron 12 of INSR gene by using direct DNA sequencing method (Fig. 1 ). Among these, rs2229434 G>A and rs2229430 G>C are the silent mutations observed in both patients and controls. Frequencies of all seven polymorphic variants are similar in patients and controls, suggesting that these genetic variations are not major factors in the occurrence of PCOS in the Turkish adolescent girls.
Discussion
Genetic studies contribute to our understanding of molecular mechanisms of disease pathogenesis through characterization of natural variants or polymorphisms in the DNA sequence among individuals. We aimed, by investigating the SNPs of FSHR, CYP17, CYP1A1, CAPN10, INSR, SERPINE1 genes, at identifying genetic factors which might have an impact on the etiology of the PCOS in adolescent girls.
First of all, due to the limited number of studies on adolescent girls with PCOS, we had to compare our results for all 17 polymorphisms investigated with those of similar studies on adults with PCOS. In addition, when we evaluated the clinical and biochemical characteristics of the adolescent girls with PCOS and controls, we observed that BMI, FerrimanGallwey score, percentages of acanthosis nigricans, levels of total testosterone, FSH, LH, prolactin, TSH were higher in PCOS girls (P<0.01). These findings confirm the well-known associations between PCOS and these variants [1, 47] . Two known polymorphisms, Thr307Ala and Ser680Asn of FSHR gene showed similar distributions of the allelic variations and protein isoforms in PCOS and control subjects in Chinese Singapore [11] and Caucasian women [48] . 50 Italian women with PCOS harbored the A307T polymorphic variant, 56% harbored N680S, 30% S680S and 14% N680N polymorphisms [10] . In our study, the percentages of 680Ser carriers (Ser/Asn + Ser/Ser) are nearly the same in cases (70%) and controls (72%). In addition, the percentages of 307Ala carriers (Ala/Thr + Ala/Ala) are nearly the same in cases (64%) and controls (68%). We found that the frequency of "Ala" allele was 0.58 in cases and 0.57 in controls. The distribution patterns of the two alleles ("Ala" and "Thr") were similar in both groups. Moreover, in our study, distribution of the cases with N680S (45%), S680S (25%) and N680N (13%) was found to be similar to findings of Orio et al. Mutations of the FSHR were found to be rare in Italian women and the only mutation found did not appear to have any pathophysiological significance in PCOS [10] . We found that these common polymorphisms did not seem to play a role in development of PCOS in adolescent girls (P> 0.05). Furthermore, clinical and biochemical profiles of the cases did not change the results. Our results were consistent with those of the three above-mentioned studies. However, Sudo et al reported that the "S" allele was more prevalent in PCOS cases than in normal subjects in Japanese women and that there were associations between the genotype and some aspects of patient status [9] .
We then examined the SNPs of CYP17 −34 C/T and CYP1A1 T6235C. We found that the genotype and allele frequencies were not different between the cases and controls in both polymorphisms (P>0.05). Park et al found seven SNPs of the gene CYP17, which is active in estrogen biosynthesis and located at 10q24.3, and found no significant association between these SNPs and PCOS [16] . For CYP17 −34 C/T, we found that CC genotype was the least common genotype both in cases and controls. TC genotype for CYP17 was the most common both in cases and controls. Genotype distribution of controls and cases were very close in our study. We further found that CC genotype was the least common both in cases and controls. These findings were consistent with those of some previous studies [15, 17] . Diamanti-Kandarakis et al showed that homozygosity of the polymorphic A2 allele (or CC genotype) was not observed in controls, but lower percentage (8%) was observed in PCOS women. Therefore, this difference was found statistically significant [14] . On the other hand, in our study, we found the frequency of "C" allele as 0.44 in cases and 0.36 in controls. The distribution pattern of the two alleles ("C" and "T") was similar in both groups. This result is also in agreement with previous studies [14, 15, 17, 49] . Echiburú et al found that PCOS carriers of A2 (or C) allele presented a greater BMI and waist circumference than PCOS non-carriers [17] .
However, we found no evidence of a relationship between clinical and biochemical characteristics and CYP17 −34 C/T polymorphism in PCOS patients (P>0.05). Contrary to previous observations of Babu et al [18] , who suggested that CYP1A1 (T6235C) polymorphism may represent a risk factor for PCOS, we did not find any evidence to support an association between CYP1A1 polymorphism and PCOS. Furthermore, Esinler et al examined the correlation between CYP1A1 genotypes and PCOS women [19] . They found that the patients with PCOS had a 7.8-fold higher frequency of CYP1A1 Ile/Val genotype and a 7.4-fold higher frequency of CYP1A1 of any Val genotype (Ile/Val or Val/Val) in Turkish population. This discrepancy between the two studies was due to the fact that different regions of the CYP1A1 gene were studied in the two studies. We examined the polymorphic variants in the 3′-flanking region (T6235C) of the gene, whereas Esinler et al examined the Ile462Val (A/G) variants in the exon 7 of the gene.
We then examined the SNPs of CAPN10 (UCSNP44, UCSNP43, UCSNP19 and UCSNP63), INSR exon 17 C/T, SERPINE1 4G/5G. Although Wiltgen et al [24] did not find a direct association between UCSNP43, UCSNP19 and UCSNP63 and susceptibility to PCOS in Brazilian patients, they found an association between higher prevalence of the UCSNP43 polymorphic allele of the CAPN10 gene and metabolic syndrome in PCOS women. Márquez et al [25] suggested that the presence of uncommon (A) allele for UCSNP43 was significantly associated to PCOS. Similarly, we found that the percentages of "A" allele (19% for cases vs. 18% for controls) were quite less than those of "G" allele (81% for cases vs. 82% for controls). However, we did not find an association between UCSNP43 and PCOS as well as between UCSNP44, UCSNP19 and UCSNP63 and PCOS (P>0.05). Clinical and biochemical profiles of the cases did not change the results. Genotype frequencies of UCSNP44, UCSNP43, UCSNP19 and UCSNP63 polymorphisms are similar both in cases and controls to findings of Gonzales et al. Gonzalez et al [50] found that UCSNP43, UCSNP19 and UCSNP63 polymorphisms were not associated with PCOS in Spanish population, but that there was an association between UCSNP44 and PCOS. Our genotype frequencies of the UCSNP43 and UCSNP63 were in agreement with previous studies [25, 27, 50] . Vollmert et al investigated sample of eight variants (UCSNP-44, -43, -56, ins/del-19, -110, -58, -63, and -22) and none of the variants alone showed any significant association with PCOS [51] . Our frequency of "Del" allele for UCSNP19 was 45% in PCOS and 44% in controls. This was consistent with findings of some previous studies [25, 51] . On the other hand, the polymorphic allele 2R (or Del) of UCSNP19 polymorphism showed a trend toward higher frequency in PCOS patients presenting metabolic syndrome, without, however, reaching statistical significance [24] . Our finding regarding the frequency of UCSNP19 "Del" allele was not in agreement with this study. We also did not find any significant differences in the genotype distribution between cases and controls of exon 17 C/T, exon 12 G/A and exon 12 G/C variants of the INSR gene (P>0.05). The INSR exon 17 C/T genotype distribution indicated a narrow departure from Hardy-Weinberg equilibrium due to observation of excess heterozygotes and non-observation of the CC genotype in controls and cases. We found the frequency of the TT genotype to be similar in cases (50%) and controls (42%). This was consistent with findings of Lee et al [52] . Although Lee et al found that the CC genotype was presented even more frequently than TT genotype in both cases and controls, they did not observe an association between the gene and susceptibility to PCOS in Korean population [52] . On the other hand, the polymorphism of INSR gene is one of the susceptibility factors in patients with PCOS, especially in non-obese PCOS patients [30] . The frequency of the uncommon "T" allele of the INSR was significantly increased in lean patients with PCOS compared with lean controls [29] . Recently, nine candidate SNPs were found in the INSR gene, but the minor allele of the novel SNP 176477 C>T has an association with the pathogenesis of PCOS in the Korean population [32] . We found no evidence of a relationship between clinical and biochemical characteristics and exon 17 C/T in the INSR gene polymorphism in PCOS patients (P>0.05). When we sequenced INSR exon 12 region, we identified 2 SNPs (for both polymorphism one in cases and one in controls) in exon 12 G/A and exon 12 G/C. This is the first study to sequence this region; therefore, we could not compare our results to those of studies on other populations. We detected no statistically significant differences between the genotype and allele frequencies of SERPINE1 (or PAI-1) promotor 4G/5G gene polymorphism (P>0.05). We found that the 4G allele frequency was 43.2% in adolescent girls with PCOS and 50% in controls. We found 4G/5G heterozygote to be the most common genotype both in cases and controls. This was also consistent with the findings of a previous study, which evaluated the 4G/5G polymorphism in the promoter region of PAI-1 gene in Turkish population [36] . Similarly, Karadeniz et al [36] did not find an association between 4G/ 5G gene polymorphism and PCOS in Turkish population. These results are also in agreement with the previous observations of San Millán et al [34] and Walch et al [35] , who also did not find any differences in the 4G/5G polymorphism between PCOS patients and controls. In our study, presence of the 4G/5G polymorphism of SERPINE1 was not associated with clinical and biochemical characteristics (P>0.05). Our findings are similar to those of Walch [35] . In contrast to the above mentioned studies, DiamantiKandarakis et al [33] found evidence that the 4G/5G polymorphism is associated to PCOS in the Greek population.
Since the main limitation of this study is the small sample size due to the inclusion of only adolescent girls in the study population, further studies in larger populations are needed to come up with supporting data. Furthermore, differences in ethnicity, sample size, criteria in selecting cases and controls, effects of the SNPs in the genes could account for some of the conflicting results.
To conclude, many genes have been investigated as possible susceptibility loci but if PCOS is indeed a complex genetic disorder, the effect of any one gene may be small. To our knowledge, this is the first report to explore the possible association between adolescent girls with PCOS and 17 different polymorphic loci on the FSHR, CYP17, CYP1A1, CAPN10, INSR, SERPINE1 genes in Turkish population. By investigating the functional aspects of these SNPs in adolescence and building up more information about the underlying genetic basis for PCOS, it may be possible to manage the impact on PCOS through controlling environmental factors.
Pair wise linkage disequilibrium between the SNPs were carried out using Haploview version 4.0 (http://www.broad. mit.edu/mpg/haploview). However, CAPN10 UCSNP44 was not in linkage disequilibrium with UCSNP 43 and UCSNP63. In addition, CAPN10 UCSNP43 was not in linkage disequilibrium with UCSNP 44 and UCSNP63. Therefore, neither conducting a haplotype analyses nor calculating potential associations among these four different polymorphisms of CAPN10 gene is necessary.
